Since STILLING proposed in 1892 that the carotid body contains cells which become brown after treatment in potassium dichromate, the chromaffinity of the carotid body has long been a matter of dispute (for a detailed discussion, see ADAMS 1958) . The occurrence of catecholamines in every glomus cell has recently been identified by pharmacological and fluorescence methods (RAHN 1961 , NIEMI and OJARA 1964 , DEARNALEY, FILLENZ and WOODS 1968 , and it may be expected that all glomus cells give a positive chromaffin reaction. In spite of the widely accepted view of light microscopists that true chromaffin cells are rather uncommon and the majority of the glomus cells are negative in chromaffin reaction (WATZKA 1943, SERAFINI-FRACASSINI and FRASSON 1966) , electron microscope studies (LEVER and BOYD 1957 , HOFFMAN and BIRREL 1958 , GARNER and DUNCAN 1958 , Ross 1959 , LEVER, LEWIS and BOYD 1959 have revealed that every glomus cell contains numerous membrane bound granules similar in appearance to the secretory granules of adrenal medullary cells. The first purpose of the present paper is to describe the fine structure of the glomus cells with special reference to an electron microscopically detectable difference, if any, between the chromaffin and nonchromaffin glomus cells, which seems to have been examined by none of the previous authors.
Although it seems to be generally accepted that the carotid body is a chemoreceptor for the concentration of carbondioxide in the blood, there has been a vague belief among morphologists that, it, like paraganglia (KOHN 1903) elsewhere, represents a gland of internal secretion. Although an afferent innervation of the glomus is prerequisite to the chemoreceptor hypothesis, there seems to be no electron microscopic work which has clearly demonstrated an afferent terminal in this organ. Some morphologists believed that the glomus cells are of two kinds, respectively innervated by the sympathetic and parasympathetic efferent nerve fibres. Several electron microscope studies on the denervated carotid body (LEVER, LEWIS and BOYD 1958 , BISCOE and STEHBENS 1867 , HESS 1968 , DE KOCK and DUNN 1968 indicate that most nerve endings on the glomus cells arise from the sinus nerve rather than the sympathetic nerve. Thus, the elucidation of the innervation seems to provide at least one of the keys for resolving the real function of the carotid body. The second purpose of the present paper, then, is to reexamine the nature of nerve terminals with special reference to the afferent or efferent problem and to the sympathetic or parasympathetic problem. Some new informations on the synaptic vesicles will also be given. Additional descriptions on the fine structure 95 of blood capillaries and ganglion cells will be included and their physiological implications discussed.
Materials and Methods
Thirty six adult mongrel dogs were used in this study. For electron microscopy, the animals were anesthetized with an intraperitoneal injection of a sodium pentobarbital solution.
The common carotid artery and its branches of one or either side were perfused, via a polyethylene tube, with 60-100 ml of 2.5% glutaraldehyde (purified according to YAMAUCHI and YAMADA 1968) in 0.1M phosphate buffer containing 50ppm calcium chloride. Prior to the perfusion, the abdominal aorta of the animal was opened for bloodletting into the peritoneal cavity, to prevent the reflux of blood into the polyethylene tube. The carotid body, together with some surrounding tissues, was taken to be cut into small pieces in a pool of the same fixative on a plate of dental wax ; fixation was continued in a fresh glutaraldehyde solution for 4-5hrs at room temperature. After being rinsed in the buffer, the blocks were further washed in the buffer to which was added 10 % sucrose and 50ppm calcium chloride for 2hrs at room temperature, and postfixed in ice-cold 1.3% osmium tetroxide for 12-16hrs.
The blocks were then dehydrated in ethanol, treated with propyrene oxide and embedded in Epon according to LUFT (1961) . Thin sections were cut on a Porter-Blum microtome, mounted on copper grids, doubly stained with 1.0% uranylacetate and lead (MILLONIG 1961) , and examined in a Hitachi HS 7s electron microscope.
Thicker sections of Epon embedded materials were stained with buffered toluidine blue according to YAMA-MOTO (1963) and were studied light microscopically for localization of tissues before electron microscopy.
For light microscopy, the carotid bodies were fixed by vascular perfusion from the common carotid artery as in the materials for electron microscopy. The fixatives used were Zenker-formol, Orth's fluid, 10% neutral formalin and Susa. Most specimens were embedded in paraffin, but some were in celloidin. Sections were routinely stained with haematoxylin-eosin, azan, etc. For the purpose of demonstrating the chromaffinity, materials fixed with Orth's fluid, sometimes post-chromated in Muller's solution for 3 days, were only slightly stained with haematoxylin.
Observations Light Microscopy
The carotid body of the dog is a conspicuously vascular organ situated rather medially in the carotid bifurcation.
It is surrounded by a thick collagenous capsule which contains numerous nerve fibres and relatively large blood vessels. The carotid body principally consists of cells called glomus cells whose nuclei are large and rounded as those of some endocrine cells. The glomus cells are usually polygonal in shape and are grouped in irregular cords or lobules separated by connective tissue septa which contain small blood vessels. They are classified into two types, on the basis of their degree of chromaffinity.
In the present paper, the conventional terms "chromaffin" and "nonchromaffin" cells are used to designate these cell types.
The chromaffin cells are few in the dog carotid body, but recognizable almost always.
They are usually arranged in clumps, but may also be found scattered individually among the nonchromaffin cells which form the bulk of the carotid body. When the tissue is fixed with a Zenker-formol solution, fine yellow-brown granules are seen throughout the cytoplasm of the chromaffin cells (Fig. 1) . In the material fixed with Orth's fluid and post-chromated with Muller's solution, the chromaffin reacion is more intense than in the case of simple fixation in Zenkerformol, though the preservation of the cytological detail is poor. The nonchromaffin cells also give a yellow coloration after treatment with potassium dichromate, which is, however, much weaker than in the chromaffin cells. In Epon embedded and toluidine blue stained specimens, the chromaffin cells show greenish-blue granularity in the cytoplasm and are easily distinguished from the nonchromaffin cells whose cytoplasm lacks visible granularity (Fig. 2) . Both chromaffin and nonchromaffin cells are surrounded by the cytoplasmic sheaths of the sustentacular cells which may be compared with the Schwann cells or satellite cells in the peripheral nervous system. The nucleus of the sustentacular cell can easily be distinguished from that of the glomus cell, because the former appears usually smaller, more elongated and denser with a different disposition of chromatin material. Other kinds of cells occur in the carotid body. Most of them are connective tissue cells such as mast cells, plasma cells and fibroblasts. These cells are located in the perilobular and perivascular connective tissue, and do not appear within the lobules. Collagenous fibres are abundantly found; some of them are oriented randomly whereas others are associated in defined tracts. No elastic fibre is recognized in the carotid body. 
Nonchromaffin cells
The outline of the nonchromaffin cell is complex; cytoplasmic extensions of a cell may be intermingled with nerve elements and processes of the other cells. Although the surface of the cell is largely covered by the sustentacular cell, a part of the surface is in direct contact with adjacent glomus cells or with the connective tissue space. Where nonchromaffin cells are apposed to each other, desmosome-like membrane thickenings frequently occur between the adjacent cell membranes.
The nucleus is surrounded by a double nuclear membrane with numerous pores. The chromatin is represented by dense, granular areas in the periphery of the nucleus and surrounding the nucleolus. The cytoplasm contains abundant mitochondria with irregular cristae which often run parallel to the long axis of the mitochondrion.
The cisterns of granular endoplasmic reticulum are abundantly dispersed in the cytoplasm and occasionally show a parallel arrangement similar to the Nissl body of the neurone.
A number of RNP particles are, either singly or in groups, scattered in the cytoplasm free from the membranous elements. Annulate lamellae are occasionally observed as described by DE CASTRO and Rubio (1968) . The well developed Golgi complex may enclose osmiophilic materials which seem to represent an early stage of the formation of the specific granules. Microtubules are extremely numerous throughout the cytoplasm.
Large granular bodies, just alike lysosomes or lipofuscin granules of neurones are present.
Irregularly shaped lipid droplets are not rare. A pair of centrioles with axes at right angle occupies the center of the Golgi complex.
One of the pair, sometimes, gives rise to a single cilium which is covered by a ciliary sheath. This type of cilium of unknown functional significance has been described by BISCOE and STEHBENS (1966) , YAMAMOTO and KOBAYASHI 1968 and the content of the granules seems to be discharged by a process of reverse pinocytosis.
Chromaffin cells along the synaptic surface, the juxtaposed membranes are thickened. At these locations synaptic vesicles are gathered on the side of nerve ending, whereas no specialization of the cytoplasm is seen on the glomus cell side. The majority of the synaptic vesicles are of agranular type and occur in clusters. In addition to the flattened or elongate shape and smaller size seemingly of the same kind as those described by UCHIZONO (1965 UCHIZONO ( , 1967 UCHIZONO ( , 1968 , HIRATA (1966) and BODIAN (1966 It is said that, although the presence of true chromaffin cells in the carotid body is common in certain mammals (pig, cat, rabbit; WATZKA 1943 , see also ADAMS 1958 , in many mammals there is no chromaffin reaction at all (hedgehog, rat and other mammals; WATZKA 1943). In the dog, while some have succeeded in showing a positive chromaffin reaction (WATZKA 1943) , others have reported negative result (SETO 1949, SERAFINI-FRACASSINI and FRASSON 1966) . In the present materials, however, the chromaffinity was demonstrated so distinctly that it was easy to discriminate the chromaffin cells from the nonchromaffin cells under the light microscope. Accordingly, the former arguments on the occurrence of true chromaffin cells in the dog carotid body might be ascribed to the difficulty in preserving the chromaffin substances during the specimen preparation.
Patterns of distribution of the chromaffin and nonchromaffin cells observed in this study are in good agreement with the description of WATZKA (1943) , who classified, despite of the reservation by KOHN (1903) , the paraganglia into chromaffin (RAHN 1961 , NIEMI and OJARA 1964 , PALKAMA 1965 , DEARNALEY, FILLENZ and WOODS 1968 (ISHII and OOSAKI 1966, HESS 1968) . ISHII and OOSAKI (1966) reported two types of nerve endings on the surface of the "chemoreceptor" cells in the toad carotid labyrinth which is considered to be homologous to the mammlian carotid body. They supposed that the first type filled with the synaptic vesicles is an efferent nerve ending, while the second one without the synaptic vesicles is of an afferent nature.
Judging from their electron micrograph, there seems to be, however, little evidence that the second type is really nerve ending. Such an enlarged nerve element with a few mitochondria may be only passing by and a true terminal filled with synaptic vesicles may occur elsewhere; serial sections would be needed to evidence this. LEVER, LEWIS and BOYD (1959) and HOGLUND (1967) On the bases of his combined physiological and morphological studies on the cat cerebellum, UCHIZONO (1965 UCHIZONO ( , 1967 UCHIZONO ( , 1968 (BENNETT, LUFT and HAMPTON 1959) . The presence of capillary pores also favours the view that the glomus cell is of an endocrine nature.
Summary
The dog carotid body was studied by light and electron microscopy. 
